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DESCRIPTION 



PROCESS FOR PRODUCTION OF TRANSESTERIFIED 



OILS/FATS OR T RIGLYCERIDES 



TECHNICAL FIELD 

The present invention relates to a method of 
improving microbe-produced oils/fats or triglycerides 
which comprise polyunsaturated fatty acids as constituent 
fatty acids, by lipase transesterif ication , as well as to 
improved oils/fats or triglycerides and to human 
nutritive compositions comprising the improved oils/fats, 

BACKGROUND ART 

Eicosapentaenoic acid (hereinafter referred to as 
"EPA") and docosahexaenoic acid (hereinafter referred to 
as " DHA" ) are the polyunsaturated fatty acids known in 
particular for their numerous physiological functions, 
including preventive effects against adult diseases such 
as arteriosclerosis and thrombosis, anticancer effects 
and learning reinforcement effects, and they are often 
utilized in drugs and special healthy foods and/or 
supplements. Recently, however, the physiological 
functions of other polyunsaturated fatty acids have been 
the subject of increasing attention. 

Arachidonic acid is one of these polyunsaturated 
fatty acids and constitutes approximately 10% of the 
fatty acids composing important organs such as the blood 
and liver (for example, the compositional ratio of fatty 
acids in human blood phospholipids is 11% arachidonic 
acid, 1% eicosapentaenoic acid and 3% docosahexaenoic 
acid). As a major constituent of cell membranes it is 
involved in regulating membrane fluidity, and performs 
various roles in biometabolism while also serving as an 
important direct precursor to prostaglandins. A recent 
area of attention has been the role of arachidonic acid 
as an infant nutrient and its presence as a constituent 
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fatty acid of endogenous cannabinoids ( 2-arachidonoyl 
monoglycerol, anandamide) which exhibit a 
neurostimulating action. Consumption of linoleic acid- 
rich foods usually results in conversion to arachidonic 
5 acid, but direct ingestion of arachidonic acid in the 

form of triglycerides is preferred because of a reduced 
function of the enzymes involved in biosynthesis in adult 
disease patients and those at risk, infants and the 
elderly who, as a result, tend to be deficient in 
10 arachidonic acid. 

Fish oil is an abundant source of EPA and DHA, but 

dihomo-Y-linolenic acid, arachidonic acid and 
4,7,10,13,16-docosapentaenoic acid (22:5 <o6 ) are almost 
unobtainable from conventional oil and fat sources. At 
15 the current time, it is common to use oils/fats or 
triglycerides whose constituent fatty acids are 
polyunsaturated fatty acids and which are obtained by 
fermentation with microbes. For example, according to 
one proposed method, various microbes capable of 
20 producing oils/fats or triglycerides containing 

arachidonic acid as the constituent fatty acid are. 
cultured to yield the oils/fats or triglycerides 
containing arachidonic acid as the constituent fatty 
acid. Such methods include those for obtaining 
25 arachidonic acid-rich oils/fats or triglycerides using 
fungi of the genus Mortierella (see, for example, 
Japanese Unexamined Patent Publication No. 63-44891 and 
Japanese Unexamined Patent Publication No. 63-12290). 
Triglycerides containing fermentation-produced 
30 arachidonic acid as the constituent fatty acid are used 
for purposes requiring arachidonic acid, such as in the 
field of infant nutrition and, particularly, in modified 
milk . 

Methods of adding arachidonic acid-containing oils 
35 or fats to modified milk have been disclosed in the field 
of infant nutrition (see Japanese Unexamined Patent 
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• 71797, Japanese Unexamined Patent 

Publication No. bb-/J-/»'» ua f 

• « ^ 42697, The production technology 
Publication No. 58-4269/). f 

^=^ Re d here is for vegetable oils and fats that 
"exhibit high lipase reactivity, ^^^Z^y 
ri ch in polyunsaturated fatty acids with poo reactiv 
are poorly suitable in terms of lipase reactivity. 

Oils/fats or triglycerides rich in polyunsaturated 

f att ;;r s have * ^ ^* ^ T 

because of their ^ ^ ™ 

attempted to produce lipids wirn p y 

-rids structure using medium-chain fatty acid- and 

altered immobilized enzymes (see " 

q ouftQl PCT/ JPO 2-067 0 2 ) • 
Patent Publication No. 8-214891, d/or 

fatty acids. Polyunsaturated fatty acids-rich = « 
fats are therefore not expected products. Another 

is th. ---^--rr^e'cr/r 

as precision distillation and the like are req 

remove the free fatty acids. ef£e cts 
Pujimoto et al. have studied in detail the effects 
o£ oil/fat structure on the oxidative stability of 
p ^unsaturated fatty acids, in U,ht of the fac that 
fish oils (particularly oils rich in EPA and DHA, readily 
oxidize and adequate oxidative stability cannot be 
achieved with addition of antioxidants (see, for example, 

U, K . , -Effects of oil and fat structure on 
oxidation stability of ™« 
Science and Industry, IS, pp. 53-60, Osaka Ind 
Research Association (2001)). An improvement in 
oxidative stability was discovered to ^J^J"' 
( C8 and C14 triglycerides of medium chain fatty acids, 
sardine oil (rich in polyunsaturated fatty acids, and 

T !ino transesterification with position non-specific 
conducting transesLem AV . Hation Q f 

type lipases, and upon examining, the ease of oxidation 
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the chemically synthesized polyunsaturated fatty acxds 
triglyceride EEE (tri-EPA), and comparing types with the 
polyunsaturated fatty acids dispersed among the molecules 
and with a higher condensation xn tne same -lecu.c, 
5 dispersed type was confirmed to be satisfactory. 

Transesterification has been disclosed as a method 
of stabilizing oils and fats in order to prevent 
oxidation of polyunsaturated fatty acids in fish oils and 
' the like (see Japanese Unexamined Patent Publication No. 
0 6-287593). However, the polyunsaturated fatty acids xn 
fish oils and the like have low reactivity for the 
lipases used in transesterification reactions. Accordxng 
to this method, therefore, vegetable oils or fats wxth 
high lipase reactivity are used in a large amount to 
L5 dilute one or more polyunsaturated fatty acids-contaxnxng 
oils purified from fish oil or the like in order to 
ensure lipase reactivity. As a result, it xs not 
possible to achieve an increased content of 
polyunsaturated fatty acids in the stabilized oils and 

20 fats. 

DISCLOSURE OF INVENTION 

It has therefore been a desired goal to provide 
oils/fats or triglycerides containing polyunsaturated 
25 fatty acids which can be applied in the fields of 

modified milk for infants, food products and healthy 
foods and/or supplements, and which exhibit properties 
such as ready digestion and absorption and resistance to 
oxidative damage. m order to achieve this goal, the 
30 present invention provides a method of improving 

oils/fats or triglycerides containing polyunsaturated 
fatty acids such as arachidonic acid by lipase 
transesterification reaction in order to produce oils and 
fats with dispersed polyunsaturated fatty acids, as well 
35 as compositions comprising them and food products or 
healthy foods and/or supplements containing them. 
Polyunsaturated fatty acids-rich oils/fats or 
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triglycerides having high polyunsaturated fatty adds 
contents and exhibiting high digestion and absorption 
properties as well as resistance to oxidative damage were 
successfully obtained by transesterif icatxon or 50-100 
parts by weight of one or more oils/fats or triglycerides 
containing at least 20% of fungus-produced 
polyunsaturated fatty acids containing 20 or more carbons 
and two or more double bonds and 0-50 parts by wexght of 
one or more vegetable oils/fats or triglycerides, xn a 
deoxygenated state using a 1,3-position specif xc type 
lipase, with an increased reaction temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the effects of palm oxl 
and soybean oil on reduction of triarachidonic acid 
triglyceride (AAA) in a transesterif ication reactxon. 

DETAILED DESCRIPTION OF THE INVENTION 

specifically, the present invention provides a 
method suitable for commercial production of oris and 
fats converted by transesterif ication reaction, whrch 

been accomplished by: 

discovering a method whereby an immobilized enzyme 
may be used to increase thermal stability and allow use 
of the enzyme at a high reaction temperature, whxle 
oxygen in the immobilized enzyme itself may be removed to 
avoid oxidative damage of the raw material/reacting oxl 
during the reaction at high temperature, thus preventxng 
oxidative damage and accomplishing a practical enzyme 

30 reaction? and 

discovering a method whereby moisture used for 
activation of the enzyme may be efficiently eliminated 
after activation of the enzyme to minimize the amount of 
free fatty acids, monoglycerides and diglycerides whxch 
are secondarily produced as the transesterif icatxon 
reaction occurs with an equilibrium between hydrolysrs 
and ester synthesis reactions, thus accomplishxng a 
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practical enzyme reaction. 

The invention therefore provides a method for 
producing edible transesterif ied oils and fats obtained 
by lipase transesterif ication reaction using fungus- 
produced polyunsaturated fatty acids-containing oils/fats 
or triglycerides as raw materials, as well as 
compositions containing the oils and fats. 

Since the arachidonic acid content of breast milk 
lipid is less than 1 wt%, it is assumed that at most only 
one arachidonic acid residue is present in each 
triglyceride molecule. The molecular species in an 
arachidonic acid-rich oils/fats produced by fermentation 
of a fungus belonging to the genus Mortierella 
(SUNTGA40S: trade name of Suntory Co., Ltd.) are listed 
in Table 1. 

Table 1 Forms of arachidonic acid in SUNTGA40S 



Molecular species 


Content (wt%) 


AAA 


10-57 


XAA 


37.56 


XXA 


26.52 


XXX 


25.35 



Here, A represents arachidonic acid bound to the 
triglyceride, and X represents a fatty acid other than 
arachidonic acid bound to the triglyceride. 
Specifically, "AAA" represents a triglyceride with 3 
arachidonic acid residues in the molecule, " XAA" 
represents a triglyceride with 2 arachidonic acid 
residues and a residue of a fatty acid other than 
arachidonic acid, and "XXA" represents a triglyceride 
with 1 arachidonic acid residue and two residues of a 
fatty acid other than arachidonic acid. Triglycerides 
containing arachidonic acid constitute 74.7% of the total 
triglycerides, but this consisted of 26.52% XXA which is 
presumed to be present in breast milk, and 48% of AAA or 
XAA which are believed to be not present. It is thought 
that a form of arachidonic acid close to that in breast 
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mi lk can be obtained by converting the 48% of AAA and XAA 

to the form of XXA. 

The present inventors attempted to produce 
transesterified oils and fats with reiawv** ~- 
of vegetable oils and fats using imposition specific 
type lipases in a deoxygenated state for the purpose of 
improving the aforementioned fungal arachidonic acid-rich 
oils/fats and triglycerides produced by fermentation. As 
a result the inventors succeeded in dispersing 
arachidonic acid bound at 1- and 3-positions of a raw 
material AAA trigriceride which is abundant in fungal 
arachidonic acid oils and fats and is not digested or 
absorbed, while also approximating the structural, form of 
human breast milk (XXA). 

The oils and fats modified by the present 
transesterification method may be utilized for a wxde 
range of purposes including addition to modified milks 
the field of infant nutrition, as well as for food 
products and healthy foods and/or supplements. 
Methods of enzyme activation and oxygen removal 

Methods of improving oils and fats by enzymatic 
transesterification have long been implemented and are 
described in prior art documents. The present 
arachidonic acid-rich oils and fats include many 
arachidonic acid residues such as AAA which do not 
readily function under physiological lipase reaction 
conditions, and this has constituted a problem for enzyme 
reactivity in transesterification. For increased 
transesterification efficiency it is desirable to improve 
the ester-exchange rate by immobilizing the lipase and 
conferring heat resistance for an increased reaction 
temperature (see, for example, Japanese Unexamined Patent 
Publication No. 8-214891, PCT/JP02-06702 ) . However, when 
the reaction is conducted at high temperature to improve 
the reaction efficiency, the arachidonic acid-rich oils 
or fats as the raw material tends to undergo oxidative 
damage. Particularly when an immobilized enzyme is used, 
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a problem is posed by removal of oxygen which has 
penetrated into the immobilizing resin The P* resent 
Inventors therefore discovered a method for •«^^ 
removing oxygen from the immobilized enzyme — ----- - 

a method for transesterif ication under low-oxygen 
conditions. 

The POV (peroxide value) is widely used as a 
parameter indicating the degree of oxidative damage of 
Lis or fats. The amount of oxygen in the reaction 
system was varied for the transesterif ication reaction 
»nd the degree of oxidative damage of the oils or fats 
and the degree amou nt of oxygen 

„as compared by measuring the POV. Tne 
was adjusted on the following 4 levels, Highest 
deoxygenation level - "desiring and nitrogen blow «vel 
with nitrogen substitution by ordinary nitrogen blow - 
■■nitrogen blow. Level with absolutely no nitrogen 
substitution of reaction vessel - "no nitrogen 
substitution" , Pinal use of only an ^^//^ 
support for control to a non-nitrogen substituted 
condition - "controlled". The POV values were 
a^ter reaction for a prescribed period at ^"TZel 
30°c 45°C and 55-C. As shown in Table 2, the POV rises 
Z direct proportion to the amount of residual oxygen 
and particularly, as the POV rose with increasing 
reaction temperature in the "nitrogen blow" deairing 
"ndition at the level with nitrogen substitution by 
ordinary nitrogen blow, removal of oxygen 
be insufficient. This means that reac tion 
condition cannot prevent deterioration of the oils or 
fats, and these results revealed that the *° V 

C a„ be suppressed ^ ™ TZZ oUs 
next level of "deairing and nitrogen 
or fats of sufficient quality. 
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under different conditions 




(POV: meq/kg oil/fat) 



in the case of Rhizopus delemar (current name: 
5 Rhizopus oryzae, lipase, a small amount of moisture 

(approximately 2%, must be added for enzyme "trvatron 
This necessitates a procedure for eliminating the excess 
moisture in the activated immobilized enzyme. This 
procedure must also be accompanied by a procedure for 
10 decatenation, which can be carried out simultaneously 
„ith the enzyme activation or moisture elimi natron. At 
the enzyme activation stage, the oil or fat raw material 

£ ,4-^,- ar-^ added to the immobilized 
and a small amount of water are added ro 

enzyme and reaction is conducted at 30-45'c for about one 
„ day for enzyme activation. For simple activation of the 
mobilized enzyme, an inexpensive vegetable oil or at 
m ay be used instead of an expensive polyunsaturated fatty 
acids-containing oil or fat. The oxygen removal maybe 
accomplished either during or before the stage of adding 
20 the' moisture-containing oil or fat raw material to the 
immobilized enzyme, using a vacuum device such as a 
vacuum pump for deairing of the oil or fat 
and mobilized enzyme, and allowing leakage of nitrogen 
aas instead of air when the pressure is restored to 
25 ordinary pressure. The oxygen in the immobilized enzyme 
can be removed out by repeating this vacuum/pressure 
restoration procedure. After completion of the 
activation reaction, the oil or fat is removed, and the 
oxygen is eliminated from the oil/fat-absorbed 
30 immobilized enzyme by further repeating the 

aforementioned vacuum/nitrogen gas leakage procedure 
The oxygen-eliminated (nitrogen-substituted) oil/fat raw 



material is then added for transesterif ication , which can 
be accomplished while preventing oxidative damage of the 
oil or fat even under high temperature conditions. 

Method of eliminating moisture used for enzyme activation 
or eliminating enzyme present in enzyme 

The excess moisture must be eliminated from the 
immobilized enzyme activated in the aforementioned 
procedure. The presence of excess moisture promotes 
hydrolysis by lipases and results in secondary production 
of diglycerides, monoglycerides and free fatty acids 
during the transesterif ication reaction. It is necessary 
to remove the moisture from the reaction system to 
prevent such production. The excess moisture can be 
eliminated by removing the oil/fat used for activation 
from the activated immobilized enzyme, washing once with 
the oil/fat of the reaction raw material (oil or fat 
which has been already deoxygenated or dehydrated) and 
then reacting it with the crude oil/fat at 45°C for one 
day. This subsequent reaction yields a transesterif led 
oil or fat with a low amount of diglycerides, etc. If 
the purpose is to lower the production cost, an 
economical vegetable oil or fat such as palm oil may be 
used instead of an expensive polyunsaturated fatty acids- 
containing oil or fat for the activation and moisture- 
eliminating reaction. 

While enzyme activation with water has been 
necessary in the case of immobilizing enzymes of R. 
delemar, a commercially available immobilized enzyme (the 
Rhlzomucor miehei lipase Chirazyme L-9 , c.-f., C2, lyo, 
product of Berlinger Mannheim) requires no activation 
with water but is in an active state due to the trace 
amount of water present in the immobilized enzyme. 
However, excess moisture is also included in this 
immobilized enzyme, and therefore the moisture must be 
eliminated as in the case of R. delemar. The method used 
for moisture elimination may be the one described above, 
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The elimination 
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* n A no soecial procedures are required 

and no specal dehydration step 

of oxygen may also be carnea 
for this enzyme as well. 

Reactor for enzyme reaction 

The enzyme reaction has been explained above based 
on transesterification in a batch system. 

"column system is an alternative to a batch system 
as the method for transesterification of one or more oris 
or fats using an immobilized enzyme. Specially, the 
immobilized enzyme is pacKed into a column-type .acKeted 
container, the oil or fat raw material rs 
th e- column while incubating or heating to adjust the 
column temperature, and the transesterrf red "l/f-t » 
taken out from the outlet. In some cases, the orl/fat 

r/be circulated ^ -^tT^ 
to increase the conversion rate. Here, tne 
ma terial may be passed through the column durxng 
activation or moisture elimination to expose the 
immobilized enzyme in the interior to the oil, , xn 
combination with vacuum deairing and forced nxtrogen gas 
blow to eliminate the oxygen. The oil or fat may be 
transesterified after activation and removal of the 
moisture • 

Oil/fat raw material for transesterification 

When one or more oils/fats or triglyoerrdes 
comprising polyunsaturated fatty acids as a 
£ atty acid are mixed at 50-100 parts by werght wrth 0-50 
parts by weight of one or more vegetable oils fats or 
triglycerides, a homogeneous liquid oil or fat rs 
obtained and transesterification with an oxygen- 
eliminated immobilized enzyme as has been ^therto 
described may be carried out to obtain a modrfred oil or 
fat containing polyunsaturated fatty acrds. 
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- 13 - 



The vegetable oil or fat raw material used for the 
reaction may be one commonly used in foods. The 
vegetable oils and fats used may also be converted oris 
and fats. Such vegetable oils and fat* are use- as 
5 sources of saturated fatty acids for transesterif rcatron. 
5 I examples there may be mentioned linolic -id-rrch or s 
such as soybean oil, safflower oil, olive oxl , » »n 
oil, sesame oil and the like, oleic/linolrc acid-rrch 
oils and saturated fatty acid-rich oils such as palm or 1 
XO palm kernel oil, cacao oil, coconut oil, lard o 1 and the 
liM. and oils obtained by conversion from trrglycerrde 
vegetable oils such as MCTs (triglycerides comprxsrn, 
saturated medium-chain fatty acids of 8 carbons and 
saturated medium-chain fatty acids of 10 carbons, and 
15 composed of the same or different fatty acids) 

saturated fatty acid-rich oils and fats are preferred for 
resistance to oxidation and for greater approxrmatron to 
breast milk components. 

When vegetable oils and fats used as sources of 
saturated fatty acids for transesterif ication are 
compared, such as saturated fatty acid-rich palm oxl and 
relatively unsaturated fatty acid-rich soybean oxl, the 
rate of reduction of AAA during transesterif icatxon xs 
roughly the same for both oils, with no difference xn the 
^content seen, and therefore it is believed that these 
exhibit an improving effect toward a more hxghly 
digestible and absorbable oil/fat. However, some 
difference is found in the resistance against oxxdatxve 
damage due to differences in the fatty acids xntroduced 
30 by the transesterif ication reaction. O ^ anoic 

MCT , in particular triglycerides contaxnxng octanoxc 
acid as a constituent fatty acid, and microbxal 
arachidonic acid triglycerides are transesterif xed by a 
lipase according to the present invention to produce 
35 triglycerides containing arachidonic acxd as a 

constituent fatty acid, such as "8A8», "88A". Thxs 
m ethod is useful for producing oils and fats contaxnxng 
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K^onic acid economically without waste of 
arachidonic add arachidonic acid-containing oils 

arachidonic acid, and aracnia an<J 
... .... resulting therefrom are useful as 

" • proved digestibility and aosore.— • 

£a ts havrng impr ° V f .^ entioned oils and fats separated 
Th ere may also b men" 

from these oris and hydrogena tion, although 

£atty acid contents b U*T ^ ^ 

the usable oils and fats ar ^ 
<0ils/fats comprising polyunsaturated fatty 

10 constituent ^^^^ micr obes capable of 

It 1S essential to d# containing the 

producing the or s ^ //^//^^tuent fatty acid, 
polyunsaturated fatty miorobes thBt produce 

Here , the microbes ~ series ^saturated 

15 St lea " -r hlX; 0 1 1— - , or more 

::i:Lrndrpr n iLriiy a S . 

fatty acid. ne . nrated fatty acids 

there may be -»"» arachidonic acid ,5,8,11.14- 

eicosatrienoic acid=DGLA). . satetrae noic acid 

elcosatetraenoic acid, '^^^e a cid>. 

,22 = 4 co6,. DPA o>6 (4,7,10,13. ^icosatrienoic 
25 B.n-eicosadienoic acid, mead acid (S B, 

acid,, 8,11,14,17-eicosatetraenoic acid ,20.4 
,5 8 11 14 ,17-eicosapentaenoic acid,, DPA M 3 
7 i ;,i;,lS.l 9 -docosapentaenoic acid, and DBA 

~ no u i q_docosahexaenoic acid). 
l4 ' 7 ' A «o toT he present invention, therefore any 

30 microti Tay be used which can produce a„ oil fa .or ^ # 
triglyceride containing P*^- ^ cap a b le 
constituent f«V trig lycerides containing 

o£ producing "l''/'^.*^ fat t Y acid there may be 
35 arachidonic acid as a con* 
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m entioned microbes belonging to the genus Mortierella, 
Conidiotolus, Pytnium, Pnytopntnora, 

Cladosporium, moor, Fusarium, Aspergillus, Rnototorula, 
Entomophthora, Echinosporangium or saproiegu.a As 
aerobes belonging to the genus ^« 21 - ^™ 
Mortierella there may be mentioned Mortierella elongata, 
Mortierella exigua, Mortierella nygropnila, Mortierella 
alpina, and the like. Specifically, there may be 
Lntioned strains such as Mortierella elongata IFO8570, 
Mortierella exigua IF08571, Mortierella hygrophila 
IF05941, Mortierella alpina IF08568, ATCC16266 
ATCC32221, ATCC42430, CBS219.35, CBS224.37, CBS250.53, 
CBS343.66, CBS527.72, CBS529.72, CBS608.70, CBS754.68 
etc As examples of DHA-producing microbes there may be 
mentioned those belonging to the genuses Crypthecodenxu., 
Tnrautocnytrium, Scnizochytrium, Ulkenia, J aponocny tnum, 

Haliphthoros, and the like. 

These strains are all available without restrxctxon 
from the Institute for Fermentation, Osaka (IPO), the 
American Type Culture Collection (ATCC) and the 
Centralbureau voor Schimmelcultures (CBS). 
there may be used strain Mortierella elongata BAM0219 
( FERM P-8703) ( FERM BP-1239) separated from soxl by the 
research group of the present inventors. 

For culturing of the strains used for the xnventxon, 
the spores, hypha or seed culture solution obtained by 
preculturing or cells collected from the seed culture 
solution are inocultured to liquid or solid medxum for 
m ain culturing. In the case of a liquid medium, the 
carbon source used may be any commonly used one such as 
glucose, fructose, xylose, saccharose, maltose, 
solubilized starch, molasses, glycerol, mannitol or 
saccharized starch, although there is no limitation to 
these. As nitrogen sources there may be used organxc 
nitrogen sources, including natural nitrogen sources such 
as peptone, yeast extract, malt extract, meat extract, 
casamino acid, corn steep liquor, soybean protexn, 
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defatted soybean, cottonseed meal or the like, as well as 
urea, and inorganic nitrogen sources such as sodium 
nitrate, ammonium nitrate and ammonium sulfate, and in 
particular there may be mentioned soybean-derived 
nitrogen sources such as soybean, defatted soybean, 
soybean flakes, edible soybean protein, okara (bean-curd 
refuse), soybean milk, parched soybean flour and the 
like. More particularly there may be used one or more 
types of heat denatured defatted soybean, and more 
preferably defatted soybean heat treated at about 70-90°C 
and removed of its ethanol-soluble components, or 
combinations with the aforementioned nitrogen sources. 
If necessary, phosphorus ion, potassium ion, sodium ion, 
magnesium ion and calcium ion, as well as ions of metals 
such as iron, copper, zinc, manganese, nickel, cobalt and 
the like or vitamins may also be used as trace nutrient 
sources . 

These medium components are not particularly 
restricted so long as they are at concentrations which do 
not inhibit growth of the microbes. In practice, the 
carbon source will generally be added in a total amount 
of 0.1-40 wt% and preferably 1-25 wt%, and the nitrogen 
source in a total amount of 2-15 wt% and preferably 2-10 
wt% and, more preferably, the initial carbon source is 
added at 1-5 wt% and the initial -nitrogen source at 3-8 
wt%, after which the carbon and nitrogen source and more 
preferably only the carbon source is added during the 
culturing. In order to increase the polyunsaturated 
fatty acid yield, for example, a hydrocarbon such as 
hexadecane or octadecane; a fatty acid such as oleic acid 
or linoleic acid or a salt thereof, or a fatty acid ester 
such as an ethyl ester, glycerin fatty acid ester or 
sorbitan fatty acid ester; or an oil such as olive oil, 
soybean oil, rapeseed oil, cottonseed oil or coconut oil, 
35 may be used as an unsaturated fatty acid precursor, 

either alone or in combinations. The amount of substrate 
added may be 0.001-10 wt% and preferably 0.5-10 wt% with 
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respect to the medium. Any of these substrates may also 

be used as the sole carbon source (or culturing. 
be usea , t. hes r>olvunsaturated 
The culturing temperature for the poxy ^ ^ 

the microbe, but may be s ^ ^ 

thp r ells may be cultured at 20-30 c tor y 
the cells may o c t pro duce the unsaturated 

culturing continued at 5-20 C to pro 

fattv acid. Such temperature management can also be u 

:rr^.... ... 7rr - r r;r:r;:;::"» » 

usually be conducted for 2-30 days, preferably for 5 
days and more preferably for 5-15 **J S . nas 

Microbes belonging to the genus Mortier.Ua . g 
Mortierella are Known as microbes as 
oils/fats or triglycerides containing arachidonic aci 
t main constituent fatty acid but. by mu t < > ing the 
aforementioned strains, the present ."""^ ^ 
obtained microbes capable of producing oils/fats or 
triglycerides comprising dihomo-,-linolenic acid as the 
' " . =„*■ fattv acid (see Japanese unexamined 

oils/I ats or ™ 

nolvunsaturated fatty acias d& 

«ids <see Japanese unexamined Patent Publication no . 5- 

9188 8> m addition, the inventors have obtained 

1 robes with resistance to high-concentration carbon 

sources (PCT Patent Publication WO 98/39468, which are 

Probes belonging to the genus Mortierella subgenus 

Mortierella. The present invention, however, is not 

ZTZ to microbes of the genus Mortierella subgenus 

Mortierella, and any microbes capable of 

oils/fats or triglycerides containing P^Vunsaturated 

fatty acids as the constituent fatty acids may be used. 



- 18 - 



10 



15 



20 



25 



30 



35 



As the method of obtaining the crude oil from the 
microbe oultured in the manner described above the 
cultured solution is subjected to ordinary solid/liguid 
separation means such as natural sedimentation 
centrifugal separation and/or filtratron, erther directly 
or after a treatment such as sterilization. 
:L "ration, acidification or the like, - 
cultured cells. A flocculent or filtering aid may also 
be added to facilitate the solid/liguid separation, 
peculating agents there may be used for example, 
aluminum chloride, calcium chloride, algin, chitcsan 
the like. As filtering aids there may be used, for 
example, diatomaceous earth. The cultured cells are 
preferably rinsed, crushed and dried. The drying may be 
Tarried out by lyophilization, blow drying, 
dryi ng or the like. The means for obtaining the crude 
oil from the dried cells may be extraction with an 
oil from tne preferably extraction 

organic solvent or compression, but preferaoiy 
is performed with an organic solvent under a nitrogen 

tream. As organic solvents there may be used ethane . 
hexane. methanol, chloroform, dichloromethane petroleum 
ether/acetone or the like, and methanol /petroleum ether 
alter ating extraction or chlorof orm-methanol-water 
monolayer solvent may also be employed. However the 
extraction method used to obtain the crude oil is not 
limited to these methods, and any method for 
fraction of oils and fats from cells may be used For 
example, supercritical extraction may be employed as 

effective means- 

The desired crude oil can be obtained by removing 
the organic solvent or supercritical fluid components 
from the extract obtained by extraction with an organic 
solvent or supercritical fluid, under "duced pressu r. 
conditions or the like. Extraction may also be performed 
using wet cells as an alternative to the ~^od. 
mentioned above. In this case, there is used a water 
compatible solvent such as methanol, ethanol or acetone, 
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or a water-compatible mixed solvent comprising such 
solvents with water and/or another -^ent The 

is otherwise the same as described above. 
' A purified oil or fat instead of a crude «i »» 
also be'used as the substrate for tr»,.t«^^ 
The oil or fat purification step may be accomplished by 
ordinary methods such as degasing, deacidif ication, 
steam distillation, decoloration, column treatment, 
molecular distillation, wintering or the like, 
used for transesterif ication> 
' Is examples of lipases to be used for the invention 
there may be mentioned those produced by microbes 
^longing to the genus K^opus, »" 
or the like, as well as pig pancreatic lipases. Such 
Upases may be commercially available ones. Examples 
thereof include Khizopus delemar lipase (Talipase, 
product of Tanabe Seiyaku) (the current taxonomic 
classification of Rhisopus delemar is RnUopus oryzae,, 
R /i 2 oPUS niveus lipase ,-ewlase F3C. product of Mano 
E „ 2 yme Co., Ltd., <ltti»P». niveus has the same 
taxonomical classification as Rftizopus delemar, both 
Tin designated as Rhisopus ory.ae, Khiromucor miehei 

lioase (Ribozyme IM by Novo Nordisk Co., Ltd., or 
lipase (Ri y Berlinger Mannheim) and 

chirazyme L-9 c.-f. . «, y , Y ^ 
Aspergillus niger lipase (Lipase A P thesa 

TH i with no particular limitation 
Enzyme Co., Ltd.), wxtft P u ases ma y be 

enzymes, as any 1,3-position specific type lip 

USed * The form in which the lipase is used is preferably 
as an immobilized lipase on an Mobilizing resin in 
order to- increase the reaction efficiency for the 
polyunsaturated fatty acids and to confer stability or 
related use. As immobilizing resins there may be used 
Ifite ion-exchange resins, ceramics, P^£^ 
adsorption resins and the like. As examples there may 
mentioned powdered diatomaceous earth and granular 
mention p MARA THON WBA (Dow 

diatomaceous eartn as ^ii(-=, 
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Chemical) and DIAION WA30 (Mitsubishi Chemical) as lon- 

exchange resins, SM-10 (Nihon Gaishi) as a ceramic and 

DIAION HP20 (Mitsubishi Chemical) as an adsorption resin. 
The aforementioned ion-exchange resins, ^ 



CL J- d 



The atoremeuuiuiicu — — 

only examples, and new improved resins are continually 
being developed and are commercially available. Such 
i.proved resins may also be considered suitable for use 
reaction temperature and time for transesterif ication> 
The transesterif ication is preferably conducted at 
30 -60*C in consideration of the enzyme reactivity. It is 
m ore preferably conducted at 30-50°C in consideration of 
stability of the immobilized enzyme when the reaction is 
carried out continuously using an immobilized en«y»e. 
The time required for the reaction is preferably as short 
as possible, but the reaction is preferably conducted for 
1-7 days in consideration of the XXA or AAA content of 

, ■Ufa*- after the reaction. Because 
the transesterified oil/fat after tne 

the raw material oil and fat (polyunsaturated fatty 

acids-rich oils and fats) are prone to oxidation during 

the reaction, oxygen is preferably removed in the manner 

described above and the reaction is preferably carried 

out under oxygen-free conditions. 

<Purif ication after transesterif ication reaction> 

The oils or fats improved by transesterif ication in 
this manner may be easily separated from the immobilized 
enzyme in the enzyme reactor (whether a column reaction 
or batch reaction). Most of the components of the 
prepared oils or fats will be in the form of 
triglycerides, and these may be purified by ordinary 
me thods used for purification of oils and fats, such as 
deacidification, degumming, decoloration, steam 
distillation and the like. 

The oils and fats of the invention are improved 
oils/fats or triglycerides obtained by lipase 
transesterif ication of oils/fats or triglycerides 
comprising microbe-produced polyunsaturated fatty acids 
as the constituent fatty acids, and they are oils/fats or 
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• • i aae + ?o% of polyunsaturated 

«i 9l ycerides cent aining at least 0 of p y ^ ^ ^ 

fatty acids containing 20 or more earn 
double bonds, and there may be mentioned "ansesterif 
oils/fats or triglycerides containing at leas. ~ 
5 triglycerides with one residue of polyunsaturated fatty 
acids containing 20 or .ore carbons and two or .or 

*— -.rrrre; :rr e rj 0 ^.-*- 

:i:ly Y ;:r —Ho or more carbons - two or .re 

10 double bonds. ^ , 1v 

The oils and fats of the invention P™'"* 1 * 
comprise at least 90* triglycerides. The oris and fats 
may be any for, thereof, but in the present invent on 
th ey comprise diglycerides , monoglycendes , and P~^«» 
a trace amount of free fatty acids, as resultant products 

15 a trace amuu triglycerides as a 

by transesterification, as well as the trig y 

-Tats of the invention are. for e, ample, 

20 triglyceride o taining at least 40* of triglycerides 
^rh "one residue of arachidonio acid in the molecule 
a „a/or no more than 4.0% of AAA »>ave unlrmrted 
possibilities for use as raw materials and additives 

25 foods, feeds, cosmetics and pharmaceuticals 

Furthermore, there are no limitations on the purpose 

amounts of their use. 

AS examples of food compositions there may be 
mentioned common food products as well as 
30 foods, nutritional supplements, modified milk for 

immature infants, modified milk for infants in a, > ^ 
products, maternal foods or geriatric foods. As examp 
Tfood deducts containing oils or fats there may be 
Mentioned nature! foods which naturally contair , oi and 
35 fats, such as meat, fish and nuts, food products with 
" s and fats added during preparation, such as soup 

food products using oils or fats as heating media, 



as donuts, oil or fat food products such as gutter 
orocessed food products with oils or fats added durrng 
CctsIIng, such as cooKies, or food produc - ^o. 
"coated with oils or fats during final proces*^ - ----- - 

herd biscuits. They .ay also be added to agrzcu tural 
foods, fermented foods, livestock foods, marzne foods or 
^erases which contain no oils or fats. They may also 
be in the form of functional food products or 
pharmaceuticals, and for example, in the 
nutrients, powders, granules, lozenges, oral solutions, 
suspensions, emulsions, syrups or the like. 

The present invention will now be explained an 
greater detail through the following examples with the 
Understanding that the invention is in no way restricted 
by the examples. 

"A Preparation of Mobilized enzyme .Conferred 
stability and deoxygenation by immobilization of 1,3 

^^ter'luspending 100 g of an ion-exchange resin 

(D owex MARATHON ™ ~ ^J^^."^ 
delemar lipase solutron (12.5% Talipase p . v 

of Tanabe Seiyaku,. the suspension was dried under 
reduced pressure to obtain the immobilized enzyme. Next, 
a triglyceride containing 40% arachidonrc acid 

S CA40S, trade name of suntory Co. , Ltd > <2 g 
oil (15 g), the aforementioned immobilized lipase ,4 g) 
and water (800 uD were weighed out into a sealable 

^ tt^g niaced in a dessicator, 

bottle. The half -open bottle was placed 
and a vacuum pump was connected to the dessicator for 
pressure reduction of the contents. (Bubbles were 
Produced in the oil from the immobilized enzyme resin 
Placed in the bottle inside the desiccator together with 
the oil, thus releasing the air containing the 
imlbil zed enzyme., Nitrogen gas was then leaked into 
the desiccator to restore the interior of the desiccator 
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to ordinary pressure. This procedure of pressure 
reduction and restoration was repeated for substitution 
of nitrogen for the oxygen present in the immobilized 
resin matrix, and the bottle was seaiec. For ocLivation 
of the immobilized enzyme, the bottle was then shaken 
(100 rpm) at 30°C for 24 hours. After completion of 
activation, the oil used for activation was removed and 
the deoxygenation procedure was carried out once more to 
obtain the activated immobilized enzyme. For 
transesterification with other vegetable oil or fat, the 
vegetable fat or oil used for transesterification was 
used instead of palm oil for activation of the 
immobilized enzyme, in a mixture of the SUNTGA40S (25 g), 
vegetable oil (15 g), immobilized lipase (2 g) and water 
(800 H) as with the palm oil mentioned above, and the 
aforementioned deoxygenation and immobilized enzyme 
activation procedures were carried out for 
transesterification . 

Example 2 Method of measuring fatty acid contents of 
oils/fats 

The fat or oil was sampled in an approximately 10-20 
mg screw cap test tube, 2 mL of methanolic HCl and 1 mL 
of dichloromethane were added, the top of the test tube 
was sealed, and reaction was conducted at 50°C for 3 
hours. After completion of the reaction, the mixture was 
cooled to room temperature and then hexane was added for 
extraction of the fatty acid methyl ester and the 
collected hexane layer was concentrated under reduced 
pressure. The obtained fatty acid methyl ester was 
dissolved in hexane to a total fatty acid methyl ester 
concentration of about 1% and provided for gas 
chromatography (GC) analysis. The GC analysis conditions 
and component identification were according to "Fatty 
Acid Composition by GLC (Method Ce lb-89)» of Official 
Methods and Recommended Practices of the AOCS, 5th 
Edition (American Oil Chemists' Society, 1998), a 



Supelcowax-10 column was used. The ratio of the 
arachidonic acid methyl ester peak area with respect to 
the total peak area detected was recorded as the 
arachidonic acid content in the oil/fat. The fatty acxa 
contents of fatty acids other than arachidonic acid were 
determined by the same method. 

Example 3 Method of triglyceride analysis 

HPLC analysis was conducted under the followxng 
conditions to measure the content of each triglyceride in 
the oils or fats modified by the enzyme reactxon. 

Column: Reverse-phase column (Cosmosil 4.6 x 250 mm 

5C18-MS) . 

Solvent: Acetone : acetonitrile (1:1) 1 ml/mm 

Analysis time: 55 min 
Column oven temperature: 40 °C 
Detector: Refractive index detector (cell 
temperature: 4 0°C) 

Sample: 5 |il of 10% solution of oil/fat or 

triglyceride in chloroform 

Each triglyceride was analyzed under the above- 
mentioned measuring conditions. The molecular spec.es of 
each triglyceride was determined according to the method 
disclosed in Japanese Unexamined Patent Publication No. 
2000-513575. Specifically, the peaks of each 
triglyceride were separated, and hydrolysis was then 
followed by methyl ester conversion. The molecular 
species were determined by GC. 

By analyzing the triglycerides of the oils/fats 
obtained with SUNTGA40S and transesterif ication by the 
method described above and performing calculation, xt was 
possible to determine the form of the SUNTGA4 OS 
arachidonic acid and the proportion and content of each 
XXA triglyceride. XXA represents the total weight 
percentage of LLA, PGA, OLA, PLA, 00A, PDA, PPA, SOA, 
PSA, SSA and LC22A. The notations used here are as 
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follows. L: linoleic acid, P: palmitic acid, G: Y" 
linolenic acid, O: oleic acid, S: stearic acid, C22: 
iin».r B ,f.nrat e d C, fatty acid, X: fatty acid other than 
arachidonic acid, A: arachidonic acid. (The binding 
positions of each fatty acid residue on the glycerin were 
not stipulated. ) 

Example 4 Modification of arachidonic acid-containing 
oil/fat ( SUNTGA40S ; approximately 40% as arachidonic 
acid) using activated immobilized lipase obtained in 
Example 1 

Enzyme reaction was conducted by shaking (100 rpm) 
at 30 °C with the raw material composition shown in Table 
3 below, and the reaction was continued while sampling to 
confirm the extent of the transesterif ication reaction. 
The AAA conversion was measured by analysis of 
triglycerides of the sampled oil. 

Table 3 Raw material composition for reaction 

25 g 



SUNTGA40S 



Palm oil or soybean oil 



Immobilized lipase 



15 g 



2g_ 



Fig. 1 shows conversion of the AAA content upon 
combining and transesterif ying vegetable oil such as palm 
oil or soybean oil with arachidonic acid-containing oil 
as a type of polyunsaturated fatty acids-rich oil/fat or 
25 triglyceride. Even transesterif ication with the 

saturated fatty acid-rich palm oil resulted in the AAA 
reduction rate with the unsaturated fatty acid-rich 
linoleic acid-based soybean oil. 

This demonstrated that the rate of AAA disappearance 
30 according to the invention is identical regardless of the 
type of vegetable oil used, so long as the mixing 
proportion is the same. 



Example 5 CDM test 



- 26 - 



in order to confirm the oxidative stability of the 
enzyme-converted arachidonic acid-rich oil, a test sample 
was prepared and the oxidative stability was measured by 
a CDM test. The CDM test was conducted by h-aLing t„c 
oil sample in a reactor (at constant temperature) while 
blowing in clean air and capturing in water the volatile 
decomposition products produced by oxidation. The 
stability of the oil sample was expressed in terms of the 
time lapse up to the curve point at which the 
conductivity of the water changed drastically. A shorter 
time indicates an oil more susceptible to oxidative 
damage. 

Based on Example 3, a 2-fold amount of the 
immobilized enzyme (activated) was added (4 9) to the raw 
material oil (40 g), and reaction was conducted at 30 C, 
100 rpm. After the reaction, the oil and immobilized 
enzyme were separated with a decant to obtain the 
reaction oil. The AAA content of the obtained oil was 
analyzed by HPLC and the stability was measured by a CDM 
test The reaction time was varied to obtain modified 
oil [ and modified oil 2 having different AAA contents. 



Table 4 



AAA contents and stabilities of modified oils 



Simple 1 CDM 


AAA content 
(%) 


Palm oil/R"NTGA4 0S 


6.4 
5.7 
4.6 


3.90 
4.44 
6.46 


Modified oil 1 
Modified oil 2 
unmodified oil 


Soybean ^ 1 /ST1NTGA4US 


4 . 1 
3.6 
3.5 


3.69 
4.28 
7.01 


Modified oil 1 
Modified oil 2 
Unmodified oil 



as shown in Table 4, when the saturated fatty acid 
oil, palm oil, was used as the raw material vegetable oil 
for reaction, the problematic AAA content was reduced and 
the stability of the oil against oxidation was increased. 

On the other hand, when the linoleic acid oil, 



- 27 - 



10 



15 



soybean oil. was used as the raw materia 
similar reduction in AAA was seen as with pal* oil. but 
"I effect on stability as measured by CDM was not as 
notable as with palm oil. 

Example 6 Changes in components with time for 
transesterification of arachidonic acid-rich oil 
( SUNTGA40S ) diluted with palm oil 

The fungus-produced arachidonic acid-rich oil 
contained abundant AAA, and therefore the AAA was 
converted to XXA by lipase transesterification 
in order to approach the form of arachidonic acid (XXA) 
in oreast 11*. and the progression and change- 
component proportions with time were experimentally 
measured. 
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Table 5 Changes in triglyceride components with time 
during transesterification reaction 




"^dde/;: r; n of - — 

and deoxygenation was followed by reaction at 30 C. 
sampling was conducted at various times, the 
Triglycerides were analysed by the method Ascribed in 
E xam/le 2 (HPLC analysis,, and each of ^component 

XXA increased. Under these conditions, a period of 1 
: x wis retired for approximately 1/2 reduction of AAA 
a „d at least doubling of XXA, from mixing of the oils. 
Z blowing example was then carried out to determine 
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optimization of the reaction temperature and amount of 
immobilized enzyme addition. 

Exam ple 7 Effect of reaction temperature duriny 
transesterification reaction 

The immobilized enzyme prepared in Example 1 was 
used to examine the effect of the reaction temperature on 
transesterification. The immobilized enzyme was 
activated by the method in Example 1, and then 2 5 g of 
SUNTGA40S and 15 g of palm oil were added to 2 g of the 
activated immobilized enzyme and deoxygenatxon was 
followed by reaction at different temperatures. The 
reacted oil was sampled after 1 day of reaction, the 
triglycerides were analyzed by the method described in 
Example 2 (HPLC analysis), and the AAA residue was 
calculated (Table 6). 

Table 6 Effect of te^peratureon^rif^ 



Reaction temperature 



Before reaction 
30°C 



AAA residue 



AAA reduction 
(%. per 2 4 hrs) 




Since a transesterification reaction is ordinarily 
conducted at below 60°C, the reaction was conducted at 
30*C 45°C and 55°C and reactivity was confirmed. As 
shown in the table, the transesterification reaction was 
confirmed to proceed more efficiently with a higher 
reaction temperature. The deoxygenation step is 
therefore important from the standpoint of preventing 
oxidative damage during reaction at high temperature. 

Example 8 Examination with enzyme agent comprising 
immobilized Rhizomucor miehei lipase 

in the same manner as Example 5, with the enzyme 
added at 10% and using SUNTGA40S (trade name of Suntory 
Co Ltd.) diluted with palm oil, a comparison was made 
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of the transesterification activity of R. delemar lipase 
immobilized and activated according to Example 1, and a 
commercially available R. miehei immobilized lxpase 
(Chirazyme L-9, c.-fi.. C2 , lyo, product ot B erii« y « 
Mannheim) which requires no activation with water. 

Table 7 Comparison of transesterification reactions with 



Molecular species 


R. delemar 


R . miehei 


AAA 


2.86 


2 .53 


XAA 


14.95 


14 .05 


XXA 


43.33 


44 . 20 



Each triglyceride was analyzed by the method 
described in Example 3 (HPLC analysis), and each 
component content was calculated. As shown in Table 7," 
both enzyme reactions were conducted for 48 hours at 
45 °C, and the rates of AAA decrease and XXA increase were 
approximate equivalent for both enzymes, indicating their 
suitability for transesterification reaction. 

Example 9 Improvement of arachidonic acid 

by transesterification reaction 

The present inventors have developed a method for 

obtaining microbes capable of producing oils/fats or 

triglycerides containing arachidonic acid as the major 
constituent fatty acid and for obtaining purified oris 
and fats by fermentative production on an industrial 
scale, by culturing microbes belonging to the genus 
Mortierella (see Higashiyama et al., Enhancement of 
Arachidonic Acid . Production by Mortierella alpina 1S-4, 
j . Am. Oil Chem. Soc . , 15, pp. 1501-1505(1998) ) . Using a 
oil/fat or triglyceride containing arachidonic acid as 
the main constituent fatty acid obtained by the 
aforementioned method as the raw material oil/fat and a 
deoxygenated, activated immobilized enzyme <*. delemar 
lipase) obtained by the method of Example 1, 
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transesterification was accomplished with palm oil as a 
vegetable oil/fat. The oil/fat containing 40 wt% 
arachidonic acid as the main constituent fatty acid (250 
g) , palm oil (150 g) and the immobilized en*y«* *. 
were reacted at 45°C for 48 hours. A 97% portion of the 
raw material oil/fat of the reaction was in triglyceride 
form, with arachidonic acid present as the main 
constituent fatty acid and tri-arachidonic (AAA) 
constituting 6.37% of the triglycerides. The oil 
obtained by transesterification was filtered to separate 
the immobilized enzyme, yielding 385 g of arachidonic 
acid-rich oil/fat or triglyceride containing 95.1, 
triglyceride, 2.83% AAA and 42.3% XXA (monoarachidonic 
acid having a single bonded arachidonic acid residue). 

Example 10 Improvement of dihomo-y-linolenic acid 
(DGLA) -rich oils/fats by transesterification 

The present inventors have also developed a method 
for obtaining microbes capable of producing oils/fats or 
triglycerides containing dihomo-y-linolenic acid (DGLA) 
as the major constituent fatty acid and for obtaining 
purified oils and fats by fermentative production on an 
industrial scale, by mutating microbes belongs to the 
genus Mortierella subgenus Mortierella (see Japanese 
unexamined Patent Publication No. 5-91887). Using a 
oil/fat or triglyceride comprising DGLA as the main 
constituent fatty acid obtained by the aforementioned 
rae thod as the raw material oil/fat and a 

activated immobilized enzyme <*. delemar lipase) obtained 
30 by the method of Example 1, transesterification was 

accomplished with palm oil as a vegetable oil/fat The 

. « o-e. nrrs fhe main constituent: 
oil/fat comprising 40 wt% DGLA as tne main 

-i™ ms a\ and the immobilized 

fatty acid (25 g) , palm oil (15 g) ana rn 

enzyme (4 g) were reacted at 45°C for 48 hours At the 
35 start of the reaction, triglycerides constituted 97.2% 

DGLA constituted 25% of the constituent fatty acids, and 
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tri-dihomo-Y-linolenic acid ( DDD ) constituted 6.09% of 
the triglycerides. Upon reaction, triglycerides 

t ^„. sd and DDD was reduced to 3.03% of the 

triglycerides, and therefore the DGLA in the oil/fat 
comprising DGLA as the main constituent fatty acid was 
reduced, similar to the arachidonic acid-containxng 
oil/fat or triglycerides. 

Example 11 Preparation of arachidonic acid-containing 

oil/fat (crude oil) 

Mortierella alpina CBS754.68 was used as the 
arachidonic acid-producing strain. The preserved cells 
were inoculated to a 1% yeast extract, 2% glucose medrum 
at P H 6.3, and seed culturing (first stage) was initiated 
at a stirring speed of 100 rpm and a temperature of 28 C 
and continued for 3 days. After preparing 30 L of a 1% 
yeast extract, 2% glucose, 0.1% soybean oil medium at P H 
6 3 in a 50 L volume submerged culturing vat, the seed 
culture solution (first stage) was added thereto and seed 
culturing (second stage) was initiated at a stirring 
speed of 200 rpm, a temperature of 28°C and an internal 
pressure of 150 kPa, and continued for 2 days. Next 
4500 L of medium (Medium A: 270 kg soybean flour, 16.2 kg 
KH 2 P0„ 2.7 kg MgC V 6H 2 0, 2.7 kg CaCV2H 2 0, 54 kg soybean 
oil) was sterilized at 121°C for 20 minutes. Also, 800 L 
of a separate medium (Medium B: 108 kg of hydrous 
glucose) was sterilized at 140°C for 40 seconds and added 
to the previous Medium A to prepare Medium C. After 
adjusting Medium C to P H 6.1, the seed culture solution 
(second stage) was transferred thereto to a total of 5400 
L of initial culturing volume (10 kL culturing vat 
volume). culturing was initiated at a temperature of 
26°C, an airflow of 49 NmVhr and an internal pressure of 
200 kPa. Feeding culture was performed as shown Table 8, 
and the main culturing was conducted for 210 hours. 
After completion of the culturing, the culture solutxon 
volume was 7100 L as a result of the increase due to 
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feeding culture and the reduction due to evaporation. 

Table 8 Feeding culture of Example 1 

Feeding culture 



Main cult.uring time 



After 19 hours 
After 4 3 hours 



<243 kg hydrous glucose + 54 

kg soybean oiH/400 L 

243 kg hvdrous gl ucose/400 L 
216 kg hydrous glucose/180. L 




After completion of the culturing, sterilization was 
carried out at 120°C for 20 minutes and then the wet 
cells were collected with a filter press and dried to a 
moisture content of 2 wt% using a fluidized bed <j"«- 
and a pneumatic conveyor was used to convey the dry cells 
to the packing location. The obtained dry cells were 
packed into an approximately 100 1 volume aluminum pouch 
together with nitrogen gas, and after sealing the mouth 
of the bag. it was stored in a refrigerator at below 

10 C 'lhe dry cells taken out of the container bag were 
subjected to extraction with hexane, and after filtering 
the hexane solution to remove the solid portion, rt was 
heated under reduced pressure to remove the hexane and 
obtain a crude oil containing arachidonic acrd as a 
constituent fatty acid. 

analysis of the crude oil revealed 94% «^«-~ 
and a 29.6% arachidonic acid content of the total fatty 

acids . 

Example 12 Transesterif ication of oil prepared in 

Example 11 . , 

The crude oil containing 29.6% arachrdomc acrd 
prepared in Example 11 (94% triglycerides) was selected 
to lipase transesterification without addition of 
vegetable oil or fat. to attempt improvement of the crude 
oil in immobilized lipase of R. delemar was used for 
deoxygenation and activation by the method described in 



Example 1, and the immobilized enzyme (4 g) was added to 
the crude oil containing 29.6% arachidonic acid (40 g) 
and reaction was conducted with shaking at 45°C for 48 
hours. The oil with a composition of 6.0b, aaA and 
24 15% XXA at the start of the reaction was converted to 
a composition of 3.21% AAA and 40.37% XXA by completron 
of the reaction. When the crude oil was used, xt was 
found that the improved oil had been transesterif red 
similar to the transesterif ication of oils comprxsrng 
microbe-produced polyunsaturated fatty acids as the mam 
constituent fatty acids as in Examples 6 and 8 , without 
specific addition of vegetable oil or fat. 

Example 13 Addition to milk 

A 0 44 g portion of modified oil 1 (novel 
transesterif ied oil) obtained in Example 9 was added to 
100 g of powdered milk to prepare a modified mxlk 
approximating human breast milk. The modified mxlk 
comprised arachidonic acid in a proportion of 0.5% wxth 
respect to the total fatty acids. 

Example 14 Addition to butter 

A 1.97 g portion of modified oil 1 (novel 
transesterif ied oil) obtained in Example 9 was added to 
100 g of butter fat from which the butter milk had been 
removed by churning during the butter production process, 
and the mixture was worked to a homogeneous composition 
to obtain arachidonic acid-added butter. 

Example 15 Addition to juice 

A 2 g portion of (3-dextrin was added to 20 ml of a 
20% aqueous ethanol solution, and then 100 mg of modified 
oil 1 (novel transesterified oil) obtained in Example 9, 
containing 0.05 wt% vitamin E, was added thereto whxle 
stirring with a stirrer, and the mixture was incubated at 
50°C for 2 hours. After cooling to room temperature ^ 
(approximately 1 hour), incubation was continued at 4°C 
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for 10 hours while continuing to stir. The produced 
precipitate was recovered by centrifugal separation and 
after washing with n-hexane, it was lyophilized to obtain 
l 8 q of a cyclodextrin clathrated compound comprising 
arachidonic acid-containing triglycerides. A 1 g portion 
of this powder was uniformly mixed with 10 L of DUice to 
prepare juice comprising arachidonic acid-containing 
transesterif ied oil. 

Example 16 Preparation of triglycerides containing 
m edium-chain fatty acids and arachidonic acid in the same 
molecule by transesterif ication , and purification of the 

° ll/f The immobilized lipase prepared by the method of 
Example 1 was subjected to deoxygenation and activation 
according to Example 1. Specifically, triglycerxde 
contains 40% arachidonic acid ( SUNTGA4 0S , trade name of 
Suntory Co., Ltd.) (200 g), HCT (COCONARD RT, trade name 
of Kao Corp.) (200 g) , the aforementioned immobilized 
lipase (40 g) and water (8 ml) were placed in a sealable 
bottle and subjected to the deoxygenation and enzyme 
activation procedure described in Example 1. 

The oil used for the activation procedure was 
removed, and then SUNTGA4 0S (200 g) and MCT (200 g) were 
freshly added to the immobilized enzyme-containing bottle 
prior to shaking at 30°C for 48 hours (100 rpm) . 

After completion of the reaction, the oil was taken 
out from the bottle and the triglycerides of the 
transesterified oil were analyzed by the HPLC <*»«xbed 
in Example 3. The analysis results are shown in Table 9. 
The HPLC method does not allow separate analysis of. 
triglycerides containing medium-chain fatty acids and 
arachidonic acid (for example, triglycerides with 
octanoic acid at positions 1 , 2 and arachidonic acid at 
position 3 (88A), triglycerides with octanoic acid at 
positions 1,3 and arachidonic acid at position 2 (8A8), 
etc.) obtained by transesterif ication . This was 



therefore combined with GC (conditions shown below) 
analysis for separate analysis of 88A and 8A8 . 88A 
appeared on the chromatograph at 17.01 minutes, and 8A8 

at 17 . i5 minutes . 

The content of each triglyceride resulting from the 

reaction was as shown in Table 10. 
[GC analysis method] 

Column: Frontier Ultra ALLOY UA-17-15M-0 . IF ( 15 m x 

0.25 mm x 0.1 urn) 

Column temperature: 2 60 °C- ( 1 °C/min ) -290°C- 
( 10°C/min)-390°C (5 min) 

Analysis time: 45 minutes 

Injection port temperature: 310°C 

Detector temperature: 370°C (Hydrogen ionization 

detector) 

Carrier gas: helium 
Line speed: 40 cm/min 

Sample: Injection of 1 |xl of 1% solution of oil 
(triglyceride) dissolved in hexane 

The transesterified oil remaining after analysis wa 
subjected to molecular distillation to remove 
approximately 85% of the MCTs remaining after the 
reaction . 
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Table 9 Proporti 
Results of 



ons of triglycerides 



Triglyceride 



HPLC analysis 
Before 



8A8 , etc . 

8P8 

8L8 

808 

AAA 

8AA 

GAA 

LAA 

PAA 

SAA 

C22AA 

C24AA 

LLA 

PGA 

OLA 

PLA 

00A 

POA 

PPA 

SOA 

PSA 

SSA 

LAC22 

888 

n+v^r- triglycerides 



(wt%) 



0. 
0. 
0 , 
0 
4 
0 
0 
3 
5 
3 
1 



00 
00 
00 
00 
84 
,00 
.79 
.06 
.55 
.97 
.30 
3.72 
0.55 
1.88 
0.67 
3.04 
0.60 
2.97 



1 . 

0. 

1 

0 

0 



32 
90 
30 
93 
57 



50.00 
12.04 



After 

reaction 

(wt%) 



15.87 
6.96 
6.58 

15.23 
1.67 
6.25 
0.00 



86 
71 
45 
28 
52 
.45 
. 91 
0.28 
1.01 



00 
84 
41 
.70 
.23 
.44 
.27 



23.27 
7.81 



10 



Fatty acid notations. palmitic acid, S: 

8: octanoic acid, A: arachxdon.c acid ^ f ^/ L f linoleic aoid( 
stearic acid, O: oleic acid G: J^^^^^ linear fatty 
C22: C 22 saturated linear fatty acid, C24 . t- 2 « 

acid 
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Table 10 Proportions of triglycerides 
Results of GC and HPLC analysis 



Triglyceride 



88A 
8A8 

88G + 8G8 
88D + 8D8 
88L + 8L8 
88P + 8P8 
88O + 8O8 



A8A 



8AA + 
AAA 

XAA + AXA 
XXA + XAX 
888 

Other triglycerides 



Before j 


After 


reaction i 


reaction 


(wt%) 


(wt%) 


0.00 


8.36 


0.00 


5 . 37 


0.00 


0 . 35 


0. 00 


1 .79 


0.00 


6.58 


0.00 


6. 96 


0.00 


15.23 


0. 00 


6.25 


4.84 


1.67 


18.39 


9.82 


14.73 


6.54 


50.00 


23.27 


12 . 04 


7.81 



as 



10 



15 



20 



25 



The triglycerides are represented by their constituent fatty acid 
types, wilh the binding positions of each fatty acid shown 
taSle in the order 1,2,3 or 3,2,1. The 2-position o glyce " « 

trialvceride is an asymmetric carbon, and therefore the 1- and. 3 
Potions are sterically different in the strict sense. However, 
the 1- and 3-positions are basically equivalent xn physiological 
terms as evidenced by recognition by lipases, triglycerides are 
ordered the same even if both end positions are switched around 
the center fatty acid (position 2) . 

Explanation of notations in table 

Fatty acids represented alphanumerically . 

Fattv acid notations: . , Q . 

8 octanoic acid, A: arachidonic acid, D: DGLA , P: palmitic acid S. 
stearic acid, O: oleic acid, G: y-linolenic acid, L: linoleic acid, 
ST cl saturated linear fatty acid, C24: C 24 saturated linear fatty 
acid 

XAA + AXA: Total of GAA, LAA, PAA, SAA, C22AA, C24AA 
Sa" 1 XAX: Total of LLA, PGA, OLA, PLA, OOA, PDA, PPA, SOA, 
PSA, SSA, LAC22 



The fatty acid binding positions of specific triglycerides 
(for example, PGA) represented by XAA or XXA are not specified, 
specific contents are shown in Table 9. 



The 



